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Introduction
The genus Conidiobolus was established by Brefeld in 1884 and includes saprobes, insect pathogens, and facultative human pathogens (Gryganskyi et al. 2012) . These fungi, especially C. coronatus (Costantin) A. Batko 1964, are widely distributed throughout the world (Nie et al. 2012) . In a modern classification system, this genus belongs to Ancylistaceae, Entomophthorales, Entomophthoromycetes, Entomophthoromycota (Humber 2012) .
Based on the morphological and nutritional data mainly adopted in the studies by Drechsler (1952 Drechsler ( , 1953 Drechsler ( , 1955 Drechsler ( , 1960 and Srinivasan & Thirumalachar (1962 , 1968 , a total of 27 Conidobolus species were accepted by King (1976a King ( , b, 1977 . Since then, only six species have been added to the genus: C. chlapowskii (Bałazy et al. 1987) , C. iuxtagenitus (Waters & Callaghan 1989) , C. gustafssonii (Bałazy 1993) , C. margaritatus (Huang et al. 2007) , C. thermophilus (Waingankar et al. 2008) and C. sinensis (Nie et al. 2012) . Gryganskyi et al. (2012) suggested that the ancestral fungi of the class Entomophthoromycetes might belong to the taxa currently classified in Conidiobolus. Then, four loci (LSU, SSU, RPB2, and mtSSU) were used to reconstruct the molecular phylogeny for Conidiobolus and separated this genus into at least three groups (Gryganskyi et al 2013) which is consistent with a previous study based only on SSU rDNA data (Jensen et al. 1998 ). This molecular work supports the secondary conidial types' view of Ben-Ze'ev & Kenneth (1982) . In the opinion of 802 Ben-Ze'ev and Kenneth, the genus Conidiobolus was divided into three subgenera: Delacroixia, Capillidium and Conidiobolus. Under this taxonomical scheme, the subgenus Conidiobolus includes 16 species.
Since 2008, a survey of Conidiobolus species from China has resulted in more than 300 strains, and one new species and four new records have been published (Wang et al. 2010a, b) . Higher intra-specific similarity and inter-specific differences of LSU rDNA sequences were shown for Conidiobolus species (Nie et al. 2012) . Therefore, a novel Conidiobolus species is proposed based on morphological features and molecular data of partial LSU rDNA sequences in this study.
Materials & Methods

Isolates and morphology
Soil samples were collected in Shandong Province of China in June 2011. A canopy plating approach similar to that by King (1976a) and Drechsler (1952) was used: The soil samples were placed in sterile polythene bags for transport to the lab. Then in lab, a Petri-dish containing potato dextrose agar (PDA, Difco) was inverted over the soil. The dishes were sealed with parafilm and incubated in dark at 21ºC, and examined daily. A dissecting microscope was applied to observe the development of typical compact, glassy colonies of entomophthoralean fungi. When detected on the PDA canopy, discharged conidia were transferred to a new PDA plate for purification and then identified by morphological structures as described by King (1976a) .The methods should be adequately detailed or referenced to other work.
DNA extraction, PCR and sequencing
The Conidiobolus strains used in this study are shown in Table 1 . After incubation on PDA at 21ºC for approximately seven days, genomic DNA was extracted with modified CTAB method (Watanabe et al. 2010 ) from the mycelia scraped from cellophane which were put on the top of the PDA canopy. The extracted DNA was stored in 100 μL TE buffer (10 mM Tris-HCI, pH 8.0; 1 mM EDTA) at -20ºC. The 28S rDNA region was amplified with the primers LROR (5'-ACCCGCTGAACTTAAGC-3') and LR5 (5'-TCCTGAGGGAAACTTCG-3') (Vilgalys & Hester 1990) .
The PCR reaction used in this study for 28S rDNA amplification has been described by Liu et al. (2005) . A 50 μL of PCR reaction mixture contains 200 μM dNTPs each, 1 × Mg-free buffer, 2.5 mM MgCl2, 0.5 μM primers each, 10-50 ng of genomic DNA and 2 units of Taq polymerase. The thermocycling protocol consists of an initial denaturation at 100ºC for 5 min, followed by 95ºC for 5 min (during this time, Taq polymerase was added to each tube), then 34 cycles of 94ºC for 1 min, 55ºC for 2 min, 72ºC for 2 min, and a final extension step at 72ºC for 10 min. The nucleotide sequencing of the PCR products was performed at Shanghai Genecore Biotechnologies Company (Shanghai, China). The generated sequence has been submitted to GenBank (Table 1) .
Phylogeny reconstruction
Multiple sequence alignments for partial 28S rDNA were conducted using BioEdit (Hall 1999) and Clustal X (Thompson et al. 1997 ). This alignment was deposited to TreeBASE (http://purl.org/phylo/treebase/phylows/study/TB2:S19863). Three entomogenous fungi (Batkoa apiculata, Entomophthora muscae and Erynia conica) were used as outgroups. Maximum parsimony (MP) was applied to the partial 28S rDNA dataset. PAUP* 4.0b10 (Swofford 2003 ) was used to perform the MP analysis. All characters were weighted, and gaps were treated as missing data. Branch swapping algorithm by tree bisection-reconnection (TBR) and MulTrees were used. Branch support was estimated by bootstrapping with 1,000 replicates (Felsenstein 1985) . Bayesian inference of molecular data sets was conducted with an online version of MrBayes 3.1.2 (Ronquist & Huelsenbeck 2003) . A general model of DNA substitution with gamma-distributed rate variation across sites (GTR+G) was adopted. Four simultaneous Markov chains (three cold, one The taxonomy refers to the scheme of King (1976a, b; 1977) . heated) were run for a total of 500,000 Markov Chain Monte Carlo (MCMC) generations. The first 25% of trees were removed as burn-in.
Results
Phylogenetic analyses
The partial 28S rDNA sequence alignment consists of 1036 characters, with 596 phylogentically informative positions. The maximum parsimony analysis resulted in the most parsimonious tree (Fig 1) with a length (TL) of 3,179 steps, consistency index (CI) of 0.4498, retention index (RI) of 0.6987, homoplasy index (HI) of 0.5502, and rescaled consistency index (RC) of 0.3143. The average standard deviation of split frequencies in Bayesian inference was 0.007557, below 0.01. In the strict consensus tree (Fig 1) Etymology -stilbeus (Lat.) = fasciculation, referring to aerial hyphae forming mycelial strand.
This species differs from other Conidiobolus species by forming mycelial strand with 2-6 aerial phototropic hyphae, and by its two types of primary conidiophores: one is shorter and differentiated from aerial hyphae; the other is often longer and inflated, and arises from substrate mycelia.
Known distribution -widespread in soil and plant detritus Material examined -China, Shandong Province, Mengshan National Forest Park, 34°22′-36°13′N, 117°24′-119°11′E, isolated from soil, 14 June 2011, Y. Nie, RCEF5584 (Holotype) -extype culture in RCEF.
Notes -Colonies grown on PDA for 3 days at 21˚C, reaching ca 22-25 mm in diameter. Mycelia colorless, moderately branched, 5-10 μm wide, 2-6 aerial hyphae often oriented toward the main source of light and forming mycelial strand. Primary conidiophores, positively phototropic, colorless, unbranched and producing a single globose conidium, extending a length of 68-133 μm (commonly 80-100 μm) into the air, widening upward, 10-12 μm wide, some primary conidiophores without inflated upward are differentiated from aerial hyphae, 15-60 (commonly 25-40 μm) . Primary conidia forcibly discharged, colorless, globose, measuring 17-21 μm in greatest width and 21-25 μm in total length including a basal papilla 2-6 μm high and 5-10 μm wide. After discharging onto 2% water-agar, similar and smaller secondary conidia arising from primary conidia. Zygospores formed after 5 days, mature zygospores smooth, colorless, subglobose, 15-19 μm in diameter with wall thickness of 1-2.5 μm. 
Key to Fungus species Discussion
In comparing the morphological features with earlier described Conidiobolus species, the present isolate differs from other species by forming mycelial strand with 2-6 aerial phototropic hyphae, and by its two types of primary conidiophores: one is shorter and differentiated from aerial hyphae, the other is often longer and inflated, and arises from substrate mycelium. To some extent, the length of primary conidia of C. stilbeus resembles six Conidiobolus species: it is distinguished from C. couchii mainly by its lack of elongated secondary conidia and longer primary conidiophores (Srinivasan & Thirumalachar 1968) , from C. lamprauges (25 -50 μm) , C. lachnodes(15-40 μm), C. thermophilus (37.5-50 μm), C. multivagus (20-75 μm) and C. khandalensis (10-30 μm) by its longer primary conidiophores (80-100 μm) (Drechsler 1953 , 1955 , 1960 , Waingankar et al. 2008 , Srinivasan & Thirumalachar 1962 . Gryganskyi et al. (2013) conducted a preliminary molecular work for Conidiobolus and suggested that more ex-type should be needed to reveal the phylogenetic lineages in Conidiobolus. The phylogenetic analysis of partial 28S rDNA in this study shows that the genus Conidioblus splits into three clades (Fig1). Conidiobolus stilbeus is located in Clade III composing of 10 isolates which lacks of microconidia and capilliconidia. Within this Clade, it is most closely related to C. lachnodes and relatively distant to C. couchii, which are both morphologically allied to C. stilbeus. Another morphological relative C. khandalensis is phylogenetically distantly related, placing in the Clade I. The remaining three morphologically similar species C. lamprauges, C. multivagus and C. thermophilus need to be investigated in the future upon the availability of their living cultures.
